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Abstract: In this study, we examined some ICT indicators of the EU Member States between 2010 and 2016 based on data of the World Bank and 
Eurostat. We wanted to know, how can the EU Member States be grouped according to these indicators, and which group can Hungary belong 
to. With the help of international literature reviews, three indicators were chosen. According to these we created three groups (underdeveloped, 
developing, developed) with the K-Mean cluster method that is classified by their level of development. Interesting changes took place during the 
period under review. By the end of the analyzed period, six countries lost their “developed” rating among others some founding members. There 
were also interesting changes in the clusters. The value of some indicators increased more than 40% in some cases, surprisingly, only in one case 
measured reduction. The proportion of ICT specialists decreased in developing countries (by 1%). The highest growth rate was observed in the 
developed countries in e-commerce. Because of the high proportion of ICT professionals and the share of e-commerce in the developed cluster we 
assumed that service would be the dominant sector. The two-sample t-test did not confirm our hypothesis. We supposed the focus in developing 
countries will be on the industry, due we think the developed countries started to outsource their SSCs (shared service centers) to less developed 
countries. With the help of a statistical indicator, we confirmed our assumption, but the result not so convincing since the significant level is only 
11%. Although we thought that the underdeveloped group of countries was based on agriculture, statistical studies did not support our hypothesis.
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INTRODUCTION
The Internet transformed not only how people live, work, 
socialize and meet, but also modified how countries develop and 
grow (MCKINSEY, 2011). The Internet can be called the base 
of Information and Communication Technology (ICT), which 
is appeared in the early 2000s. ICT overturns the future of the 
world by reducing geographic boundaries and bringing culture 
and societies closer to each other (NASIR and KALIRAJAN 
2016). It eliminates and sets limits between individuals and 
groups at the same time (PEPPER and GARRITY 2015) and 
thus creates new opportunities for cross-industry relationships 
(NAVEED et al. 2017). Digital developments such as cloud 
services, mobile services, and artificial intelligence from the last 
decade have further expanded its opportunities (WATANABE 
et al. 2018).
ICT affects economic growth, productivity, usefulness, 
and efficiency from many different points of view. The most 
obvious such effects are the number of people employed in 
the ICT sector and the level of spending on the ICT sector. 
(DOUCEK et al. 2014).  
Naturally, it has a serious impact on gross domestic product 
(GDP), international cooperation in finance, trade, foreign 
direct investment (FDI) and Poverty reduction (BON et al. 
2016). 
According to “New Theory of Economic Growth” 
(RAHAMAN and CHAKRABORTY 2015), FDI can be a 
catalyst and growth engine for various economies. DUONG 
(2017) says, it makes possible to access the new technologies, 
increases the stock of human capital, and creates new job 
opportunities. In addition, FDI can affect the rate of growth 
and level of per capita.
ICT has realized the globalization and plays a significant 
role in the development of it. Thanks to market liberalization, 
competition is increased as well as the importance of cost. 
Furthermore, the economy scale became larger (ROHMAN, 
2013). Multinational enterprises promotion the globalization 
worldwide and realize the increment of it.
Because of this wide-ranging impact of ICT, scientists have 
placed great emphasis on the limitations of GDP statistics, 
which should help us measure the growth of the digital economy 
(IMF, 2017).
The OECD also expressed concerns about the limitations 
of GDP statistics. According to AHMAD et al. (2016), the 
question is whether GDP and productivity can measure the 
changes in the digital economy.
LOWREY (2011) says the internet promotes the consumption 
of free culture, which brings utility and happiness. However, 
these goods we cannot measure with GDP. Such goods, such as 
happiness, are measured by the United Nations with indicators 
such as the Happy Planet Index (HPI).
The development of the Internet is continuing and moves 
our planet towards an IoT (Internet of Things)-based society 
(NAVEED et al. 2017). The importance of business models 
and digital business strategies are going to be even more 
important, because of these challenges and huge interest in 
the IoT (BHARADWAJ et al. 2013). 
Objectives
The diffusion of ICT is used to express the radical and 
influential changes in different aspects of social and economic 
lives. The present study examines the impact of some ICT 
indicators on the level of development. The goals of the 
research are, to get to know:
 – How can EU Member States be grouped according to 
ICT indicators?
 – Do countries focus on different sectors depending on 
their level of digital development?
Theoretical background
information and Communication Technology refers 
to various sets of technology tools and resources that are 
capable of communicating, producing, distributing, storing 
and managing information (WONSEOK et al. 2018). The 
ICT collection category includes, but is not limited to, 
telecommunications used by technology, media, intelligent 
management systems, transmission systems and network-
based control and monitoring functions. It is developed due 
the information technology and the Internet. It began to spread 
widely in the 1990s (NEMESLAKI, 2012).
The European Information Technology Observatory 
(EITO, 2013) divides the ICT market into three parts: 
Telecommunications (end-user telecommunication equipment, 
supplier services, network equipment), consumer electronics 
(digital cameras, televisions, navigation systems and other 
devices) and information technology (IT hardware and 
software services).
The development of ICT seems to be necessary for 
economic growth and the development of countries for 
numerous reasons. For example with the help of new 
technologies increase the speed of data transmission, so we 
can more information share in the same amount of time. There 
are no more borders between the buyers and the sellers, that is 
why the people have bigger access to the international supply 
of goods (SEPEHRDOUST, 2018).
Many authors have analyzed the impact of ICT on economic 
growth in recent decades. There is evidence of the positive 
impact of ICT on growth in the economy since the mid-1990s 
(FARHADI et al. 2012). OLINER and SICHEL (2000) use 
ICT capital components such as computer hardware, software 
and telecommunications equipment as well as capital and 
labor as inputs and empirically prove that the contribution 
of ICT to economic growth was very high in the 1990s end. 
According to POHJOLA (2002), the most important factors 
in US economic growth in the 1990s were the quality of 
production and ICT use. 
Researchers agree that ICT has a major impact on 
production and business processes and thus it is a major driver 
of economic growth. The position of researchers is not as 
uniform as to the form of the effect. We can distinguish two 
main lines of this question. The first approach argues that, 
since ICT represents a special type of capital good when 
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companies and governments increase investments in ICT, 
this will raise labour and total factor productivity. These 
investments complement or replace investments in other 
capital assets and increase the production capacity of ICT-
using sectors and industries. The other approach is that 
economic growth is driven by the emergence of new sectors 
incorporating new technologies, such as the ICT production 
sector itself. According to this approach, growth has two 
sources:
 – New sectors exhibit higher growth rates of value-add-
ed, productivity and incomes. Because of this, it will 
function as a source of growth for the whole economy. 
 – New sectors change other sectors of the economy by 
changing relative prices and raises productivity. These 
provide a new set of inputs, which cause the introduc-
tion of new or improved products or new production 
methods (KARLSSON et al. 2010).
According to Jorgensen (JORGENSEN et al. 2002), 
there is a third potential indirect growth impact. It is called 
spillover effects. An increase in total factor productivity 
can be realized, when the spillover effects of technological 
advances from industries producing ICT to industries using 
ICT takes place. 
There are studies, which indicate that the productivity 
effect of ICT is not only significant and positive but 
increasing in the private and public sector too (TARUTEA 
and GATAUTIS 2014).
CONSOLI (2012) grouped the impact of ICT on companies 
according to scientific literature. He categorized its main 
effects into 4 groups (Table 1). 
Table 1: Impact of ICT in the private sector
Expansion Growth New products Performance
Organization 
expansion
Improvement of 
supply chain
International 
communication
Productivity 
growth
Strategic 
growth
Sales increase
New products/
services 
Product quality
Customer 
satisfaction
Efficiency, 
effectiveness, 
and 
competitiveness
Innovative 
business
Intangible 
benefits
Source: According to CONSOLI (2012), own edition
According to LEE et al. (2005), the impact of ICT on 
economic growth is significant in many advanced and newly 
industrialized economies, but this effect is not present in 
developing countries.
In contrast, ANTONELLI (1991) believes that developing 
countries can realize more benefits from ICT than developed 
countries. SEO AND LEE (2006) say the switch from 
dominant technology to the new ICT-based paradigm attends 
significant costs for developed countries, while this cost is 
relatively lower in developing countries. 
In general, the empirical evidence of the impact of ICT on 
economic growth can be divided into two groups based on the 
methodology. The first method of proof is the use of growth 
accounting techniques. This weighs on the growth of inputs by 
the share of production value and expresses the contribution 
of ICT to economic growth in percentage points. The second 
method is to use cross-regression techniques to examine the 
impact of ICT on economic growth (FARHADI et al. 2012).
MATERIALS AND METHODS
For us to analyze the context of information and 
communication technologies in macroeconomics, we need a 
comprehensive dataset consisting of variables measuring ICT 
indicators and macroeconomic indicators of several countries 
globally. National statistical offices often estimate domestic 
values in their own national currencies. That is why they are 
not directly international comparable. The data we used was 
compiled after reviewing the databases of several international 
organizations. The main sources of our database were the 
European Statistical Office (Eurostat) and the World Bank. 
Due to the limited accessibility of ICTs data for developing 
countries, we analyzed only 28 members of the European 
Union. The period under review is from 2010 to 2016 because 
only during this time were all the indicators available (and all 
the data complete) for the EU Member States. The variables 
which were used in our research are shown in Table 2.
Table 2: Descriptive of variables used in models
Variable  Description Measurement Data Source
ict spec
Employed ICT 
specialists (% of 
total employment) The Eurostat 
is responsible 
for collecting 
data and 
calculating the 
rates. (National 
Statistical 
Offices 
measure it.)
Eurostat
onl sell
Enterprises selling 
online (at least 1% 
of turnover)(% of 
enterprises)
turno e-com
Enterprises total 
turnover from 
e-commerce (%of 
turnover)
agr
Agriculture, value 
added (% of GDP)
Weighted 
average
World Bankman
Manufacture, 
value added (% of 
GDP)
ser
Services, value 
added (% of GDP)
Source: Eurostat and World Bank, own edition
Other indicators such as Big Data, Cloud Computing, 
ICT security would have been useful, but there was not 
enough available data for all Member States during the 
period under review.
SPSS software was used for the examination. We 
classified the countries of the European Union with 
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the K-Mean method according to the indicators of the 
literature review. The classification of similar things is 
called clustering, where the items which are alike placed 
into groups. The aim of this is to classify the observed 
units into relatively homogeneous groups, which are based 
on certain aspects. Among the hierarchical clustering 
methods, Ward and the average chain method are 
popular, but they increasingly become “supplementary” 
to non-hierarchical methods. The ideal solution is to run 
a hierarchical method first, to find out how much the 
ideal number of clusters would be, then we should run 
the non-hierarchical method where we set that value to 
the number of groups. In our case, the singular use of the 
K-Mean method was sufficient, because the aim was to 
define a predetermined number of groups (underdeveloped, 
developing and developed) (SAJTOS and MITEV, 2007). 
The K-Means clustering algorithm uses k as a parameter, 
divide n objects into k clusters. The objects from the same 
cluster are similar to each other however differing from 
the other objects which belong to the other groups. The 
algorithm tries to find the centers of the group, (C1, C2, 
C3,…… Ck), such that the sum of the squared distances of 
each data point, xi, 1 ≤ i ≤ n, to its nearest cluster center 
Cj, 1 ≤ j ≤ k, is minimized (ARPIT et al., 2017).
Two-sample t-test was used to examine whether the 
mean values of the two random samples differ significantly 
from each other. There are two prerequisites for applying 
this test, these are focused on the normal distribution and 
the standard deviation. If the Levene test is greater than 
0.05, then the standard deviation is the same and the two-
sample t-test can be used, otherwise, we have to run the 
Weich d-test (HOWELL, 2013).
RESULTS AND DISCUSSION
In this research, ICT is in focus, so for group creation, 
we studied international researches to get to know which 
indicators are strongly connected with developing. 
According to these papers (Table 3), we defined 
variables for SPSS such as ICT specialists. online sell 
and e-commerce.  
Table 3: Examined variables from the literature review
ICT specialists
SCHIVARDI and SCHMITZ 
2018, 
KAUR et al. 2017, 
LAU et al. 2016,
Online sell
ZMUK 2015, ARIFF et al. 
2013, ARLI et al. 2018,
E-commerce
MAYANK and ZILLUR 2017, 
RAHAYU and DAY 2016, 
CARMEN et al. 2016,
Source: own edition
We examined, how did the countries change (if they 
changed) their place according to the above-mentioned 
variables the period under review. Using the K-Mean 
cluster method, three clusters were generated by SPSS 
in the year 2010. The final cluster centers are shown in 
Table 4.
Table 4: Underdeveloped, developing and developed clusters 
were generated by the K-Mean cluster method in the year of 
2010.
 Underdeveloped Developing Developed
ict_spec 1,82 3,73 3,09
online_sell 5,83 11,44 22,30
e_commerce 4,50 13,22 16,30
Source: Based on SPSS data, own edition
As can be seen in the table above, the values of the 
undeveloped group for all three variables are lower than 
the values for the other two clusters. The biggest difference 
was measured in the field of e-commerce. Surprisingly, the 
proportion of ICT professionals in the group of developing 
countries is higher than the same value in the developed 
countries, and the value of e-commerce is only 3% behind 
the same area in the developed group. In this case, the 
disadvantage of online sell is the biggest compared to the 
developed group. 
Table 5. shows the classification of countries according to 
the examined indicators.
Table 5: The EU members are listed in clusters by SPSS in the year 
of 2010. (F: founder. Missing: Greece. LuxembourgF, Malta)
Underdeveloped Developing Developed
Bulgaria Austria BelgiumF
Cyprus Estonia Croatia
ItalyF Finland Czech Republic
Latvia FranceF Denmark
Poland Hungary GermanyF
Romania Slovakia Ireland
 Slovenia Lithuania
 Spain NetherlandsF
 United Kingdom Portugal
  Sweden
Source: Based on SPSS data, own edition
It is very surprising that Italy, as one of the founders 
of the EU, has been among the underdeveloped countries. 
Nor can it be expected that the other founder member 
France, was only in the developing group.
We repeated the same methods for data of 2016 to see, 
how the values and the members changed. The final cluster 
centers are seen in Table 6.
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Table 6: Underdeveloped, developing and developed clusters 
were generated by the K-Mean cluster method in the year 2016.
 Underdeveloped Developing Developed
ict_spec 2,18 3,66 4,50
online_sell 8,50 16,80 27,20
e_commerce 6,17 15,00 27,80
Source: Based on SPSS data, own edition
We can see, the values underlying the clusters have 
changed significantly compared to the data of 2010. 
The proportion of online sales companies almost 
doubled (45%) in underdeveloped countries during the 
period under review and companies’ revenue from 
e-commerce also increased by 37%. In the developing 
countries, the proportion of ICT professionals decreased 
slightly (1%), while the share of online sales companies 
become nearly two times bigger (47%). In developed 
countries, the share of ICT specialists increased greatly 
(46%), while the revenue from e-commerce increased 
significantly (70%). 
Not only the values of clusters have changed, but also 
the elements of the groups. This is seen in Table 7.
Table 7: The EU members are listed in clusters by 
SPSS in the year of 2016. 
(F: founder, ↓: setback, Missing: Finland, LuxembourgF)
Underdeveloped Developing Developed
Bulgaria Austria BelgiumF
Cyprus Croatia↓ Czech Republic
Greece Estonia Denmark
ItalyF FranceF Ireland
Latvia GermanyF↓ Sweden
Romania Hungary  
 Lithuania  
 Malta  
 NetherlandsF↓  
 Poland↓  
 Portuga↓  
 Slovakia  
 Slovenia  
 Spain  
 United Kingdom  
Source: Based on SPSS data, own edition
While in 2010 the differences between group numbers 
were not so great, by 2016 the size of the developing group 
had grown significantly due to the decline in the members 
of the former developed group.
The impact of development on the sectors 
Due to the high proportion of ICT professionals and the 
share of e-commerce, we assumed that service would be 
the dominant sector in developed countries. The decline 
in ICT practitioners in developing countries is likely to be 
related to the outsourcing of SSCs (shared service centers) 
to countries with lower costs (less developed). Based on 
this, we supposed the focus in developing countries will 
be on the industry. Although outsourcing of SSCs has 
probably already begun in the underdeveloped countries, it 
is nonetheless a long-term process which, in our opinion, 
should not call into question the dominance of agriculture 
(in the short term). It is also important to note that there 
are a number of knowledge-intensive areas other than 
SSCs, which are specific to developed countries. To test 
these hypotheses, two-sample t-tests were used. This is 
illustrated in Table 8.
Table 8: The examination of dominant sectors with a two-
sample t-test (Only these countries were included in the 
analysis, which belongs to the same group in both years. 
t value: 1,65) 
Sectors Empirical t value
Developed
service -0,671
agriculture no significant value
industry no significant value
Developing
service -3,01
agriculture 1,608
industry 2,582
Undeveloped
service no significant value
agriculture no significant value
industry -1,066
Source: Based on SPSS data, own edition
For the first hypothesis which focused on developed 
countries, the calculated t value for the service sector was 
lower than the critical t value which means the difference 
in means is only chance, so we cannot say services are 
more dominant than the others. However according to 
Szirmai in developed countries services account for 70% 
of GDP (SZIRMAI, 2012). In the other two sectors, we 
did not get significant values.
In the second assumption which concentrated on the 
developing cluster, the critical t value is lower in the 
case of the industry than the empirical t values, so in 
developing countries, unlike in other countries, the added 
value of this sector is higher, than in the other sectors. 
It is important to note that the two-sample t-test result is 
significant but its value is only 11%. SZIRMAI (2012) 
says it is undeniable that industry is an important driver 
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of growth in most developing countries, however, we can 
not call it the engine of development, as data on capital 
intensity and labor productivity do not support it. In the 
other two cases, we measured that the empirical t values 
are lower than the critical t value, so these means the 
differences in means are only chance.
In the case of the last hypothesis for the underdeveloped 
group, we did not measure any significant value for 
agriculture, so we can say nothing about this sector. 
TIMMER (2009) says, as per capita income increases 
in a country, the share of agriculture in GDP decreases. 
It also proves that agriculture should be dominant in 
underdeveloped countries. There is no country in Europe 
which would be a member of the Least Developed Countries, 
in spite of this agriculture is marked as the backbone of 
the economy in most African countries. According to the 
United Nations, this sector belongs to 30-60% of the GDP 
in these states (UNITED NATIONS, 2007). In the case of 
services, we did not get any significant value, however, 
in the case of the industry, we measured a low empirical 
t value, which is lower than the critical t value. It means 
this sector is not more dominant than the sectors of the 
other clusters.
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